This work undertakes a comprehensive analysis of the US state experience under formulary apportionment of corporate income. While formulary apportionment eliminates the possibility of shifting income across states through accounting strategies that manipulate where income is booked, it may heighten the tax responsiveness of formula factors. The present analysis uses the substantial variation in corporate tax policy decisions of US states over the period 1986 to 2012 to understand the consequences of formulary apportionment better. It examines the effects of policy choices regarding tax rates, formula weights, and other parameters on economic activity, estimating the tax sensitivity of employment, investment, and sales. With the inclusion of adequate control variables, results indicate that economic activity has not been particularly sensitive to US state corporate tax policy choices, especially in recent years. Still, tax policy choices have important effects on corporate tax revenues. These results suggest important lessons regarding possible international adoption of formulary apportionment.
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Introduction
There is an understandable desire to improve systems for taxing international corporate income. Presently, tax systems rely on separate accounting, whereby multinational corporations account separately for income and expenses earned in each taxing jurisdiction. Numerous observers have vocally criticised this system: it is difficult to establish the true source of income, and multinational firms have become increasingly adept at shifting income from highly-taxed jurisdictions to more lightly-taxed ones. Governments have often attempted to curb such income-shifting behaviour through regulations, yet these regulations are complicated, costly to administer, and often ineffective. Multinational corporations are also not content: they complain of high compliance costs, substantial uncertainty regarding ultimate tax burdens, and unfair taxbased competitive pressures in the global marketplace.
In this environment, formulary apportionment has emerged as a compelling alternative for international tax reform. Under formulary apportionment, income is assigned to each taxing jurisdiction based on a simple formula. This system has the potential for large benefits in terms of simplicity, administration, and curbing tax base erosion. However, formulary apportionment may create its own practical difficulties. For example, there are accounting concerns about the measurement of the formula components and the tax base, as well as legal concerns about the definition of a consolidated business and the impact on international tax treaties.
Beyond the pragmatic details of implementation, there are also important concerns that a formulary approach will generate its own tax distortions. For example, multinational corporations may respond to formulary apportionment by moving the activities that are used to determine the assignment of income to low-tax jurisdictions. Also, there are important questions about the revenue consequences of formulary apportionment. This paper uses the US state experience with formulary apportionment to inform both of these concerns. In particular, it considers the tax sensitivity of formula factors under formula apportionment, and it evaluates the determinants of corporate tax revenue under a formulary system. The empirical analysis focuses on US state corporate tax policy choices over the period 1986 to 2012.
In the context of international tax policy choices, an analysis of the US state experience may seem peculiar. Yet the US state experience may provide insight into the dynamics of international tax competition. US states are more economically integrated than countries are presently, but the extent of economic integration among US states demonstrates one possible future for global economic integration.
Further, US states provide a useful source of policy variation for understanding the consequences of formulary apportionment, since they retain a great deal of autonomy on corporate tax policy choices. 2 US states choose tax rates, formulas, and other rules independently, and states have not shied away from policy changes. These types of policy 1 Empirical evidence on income shifting is well known; see the survey articles of De Mooij (2005) and De Mooij and Ederveen (2008) . Clausing (2009 Clausing ( , 2011 indicates that income-shifting behaviour has high revenue costs for high-tax rate governments. This issue has received policy attention of late, with hearings in the US Congress and UK Parliament, as well as attention in recent G8 and G20 meetings. 2 Still, a common (and economically significant) federal layer of taxation exists for US states. 7 variation are used to understand better the consequences of formulary apportionment for both economic activity and revenue.
In terms of economic activity results demonstrate very little tax sensitivity, in contrast to some early studies of this question. The divergent findings may result in part from the longer time period under investigation in the present study. For example, as more and more states have engaged in tax competition by increasing sales factor weights and making other rules more favourable, the effect of individual state policy choices may have been muted. There is evidence in the early literature that states that increased sales weights gained employment at other states' expense. However, in the recent period, as more and more states have increased sales weights, there is no evidence of these effects persisting.
In terms of tax revenues, this analysis suggests that tax policy decisions are important. States that increase sales weights or allow elective features of their tax policy environment have lower tax revenues, while higher tax rates and 'throwback rules' are associated with higher corporate tax revenues.
Together with the results on activity, this result suggests important policy lessons for potential international adoption of formulary apportionment. In particular, under formulary apportionment countries will likely remain tempted by beggar-my-neighbour tax policy competition. Efforts to assure harmonised formulas and to protect the corporate tax base from erosion will still be important.
What can we learn from US states?
US states have a long experience with formulary apportionment of corporate income. After the US corporate income tax was adopted in the early twentieth century, US states realised the difficulty of separate accounting for income and expenses in each state in an environment when business activity is well-integrated across states. Thus, by the mid-twentieth century US states allocated national income to state jurisdictions by formula. 3 At first, the common formula employed by US states was based on three factors, the share of a firm's payroll, assets, and sales in a particular state:
where the subscript i indicates a particular state and the subscript US indicates the United States, ti is the state tax rate, us is US profit, A is assets, S is Sales, and P is payroll. Observers have noted that a formulary system creates an implicit tax on the factors used in the formula, thus discouraging assets and employment in high-tax locations.
In part due to these concerns, as well as business lobbying, many states have increased the weight on their sales factor in recent decades, often doubling it relative to weights on other factors. Some states have even adopted sales-only formulas, where tax liabilities are calculated as:
3 A detailed history is provided in Hellerstein and Hellerstein (1998) .
Indeed, over the period of the study , there have been many changes in state formulas for allocating corporate income. In 1986, 80 per cent of states that taxed corporate income used an equal-weighted formula, and 20 per cent had higher weights on sales. By 2012, in contrast, only 17 per cent of states that taxed corporate income used an equal-weighted formula; the rest had formulas with a larger weight on sales. In recent years, there has been a spurt of states adopting single-sales formulas, where the entire weight is on the sales factor. Figure 1 shows this experience.
Figure 1 Share of states using different formulas
Note: The figure shows the share of states with a ⅓ weight on sales (equal-weighted formula with sales, assets, and payroll), with heavier weights on sales (between equal and single), and with single-factor sales formulas. Data on formulas was compiled from various sources, described in detail in Appendix 1.
There is also substantial variation between states in other corporate tax policy rules: whether combined reporting is required, whether there are throwback rules that tax 'nowhere' income, whether options are offered between formula types or reporting requirements, and so on. Further, states have frequently experimented with changes in corporate tax rates as well, although corporate tax rates for the average of all states are relatively stable over time, averaging 7.2 per cent in 1986, and 6.6 per cent in 2012.
While US states provide a valuable and diverse set of corporate tax policy experiences under formulary apportionment to study, there are also important caveats to bear in mind. US states typically choose low tax rates, and the response of economic activity to tax rate differences is likely to be larger and more apparent at higher tax rates.
Also, US states exist within a common federal system, and there is no analogous supranational A common federal system makes it easier to determine the tax base to which the formula should apply, since most US states begin with the federal definition of income as their baseline tax base. Still, the common federal system itself heightens tax competition pressures, since it facilitates economic mobility of all types. Footloose firms have an easier time relocating across states than across national boundaries, and domestic product competition is fiercer than its international counterpart -prices are more uniform and comparable, there is no possibility of exchange rate fluctuations, information is more available, and goods mobility is more seamless. For these reasons, one would expect tax competition to be fiercer within countries than between countries, so this may also reduce the applicability of the US state experience.
Prior work
This paper will build on the insights of past work on formulary apportionment, both internationally and at the state level. Prior work on the international implications of formulary systems includes Avi-Yonah and Clausing (2008) , Avi-Yonah et al. (2009), De Waegenaere and Sansing (2008) , Devereux and Loretz (2008a, 2008b) , Eichner and Runkel (2008) , Fuest et al. (2007) , Hines (2010) , and Pethig and Wagener (2007) .
Regarding the US state experience, state incentives to change formulas are well known: Anand and Sansing (2000) , Edmiston (2002) , and Pinto (2007) generate models of formula choice, and Omer and Shelley (2004) empirically document the trend towards higher sales factor weights. Recently, Chirinko and Wilson (2010) consider the role of political contributions and state tax policy competition over the period [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . They find that policymakers are sensitive to campaign contributions, and their results document the nature of tax competition among states. Results also indicate the importance of including state-specific fixed effects in specifications; without this inclusion, some of the results are perverse. Mintz and Smart (2004) have a clear and compelling study of the effects of formulary apportionment on income-shifting incentives, making use of the Canadian example. Some, but not all, multijurisdictional firms are required to allocate income to Canadian provinces by formula. Using data from the Canadian Customs and Revenue Agency over the period 1986-99, they find that taxable income is far less sensitive to tax rates, indicating less income shifting, for firms that are required to allocate income by formula.
The effects of formula choice on economic activity have also received some attention, and three studies employ cross-state-level data to consider the relationship between formula choice and employment, sales, and investment. First, Goolsbee and Maydew (2000) consider employment effects over the period 1978-94: they find evidence that employment is sensitive to the weight on employment in the formula, and there is evidence of tax competition among states whereby states gain employment at the expense of other states.
Second, Gupta and Hofmann (2003) consider the impact of formula choices, tax rates, and other policy choices such as investment incentives on capital expenditure effects over the period 1983-96. In the specifications that employ fixed effects, the effects of tax policy measures are smaller than in other specifications, but still statistically significant.
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They note that the revenue losses associated with lower tax burdens are likely more consequential than the effects on investment magnitudes.
Third, Klassen and Shackelford (1998) consider the effect of sales weights in the apportionment formula on manufacturing revenue, their measure of sales, over the period 1983-91. They find that in throwback states, but not in others, manufacturing revenues are sensitive to the tax rate applied to sales. Their analysis is confined to separate estimates of cross-sections of states for each year in their sample; they do not employ panel data techniques. All three of these studies focus on a period that excludes the recent time period of rapid policy changes, so they necessarily utilise less variation than the present analysis. 6 There has been some promising work on state corporate tax revenues, including Gupta et al. (2009 ), Cornia et al. (2005 , Fox and Luna (2005) , and Mazerov (2001) . Gupta et al. (2009) is the most fully developed analysis. The authors undertake a study of the determinants of state corporate tax revenues over the period ; their data set allows controls for most important considerations. They find that states that increase sales factor weights have lower corporate revenues, but revenues increase with the tax rate. Throwback rules and broader definitions of business income increase revenues, but combined reporting has no effect. The authors note that the policy environment has continued to evolve rapidly in the years since their study, so including an additional decade of data in the present study is likely useful.
Both the economic activity and revenue studies discussed above focus on earlier periods, and the present study will allow a consideration of both recent changes and longer-run effects from early changes. Further, the present work will benefit from taking a comprehensive approach that considers the effects of both formula choices and other tax policy choices on a wide range of economic outcomes.
There will also be essential methodological improvements over prior work. For example, not all prior studies employ state-specific fixed effects, yet this is important in order to prevent spurious statistical correlations that could easily result from omitted variables. For example, if states that are particularly business-friendly are also more likely to weight the sales factor heavily in their formulas, and one does not include state fixed effects, then one would risk attributing increases to economic activity solely to the increase in the sales factor, when other aspects of states' policies may be far more important.
Specifications
The present analysis will undertake an investigation of how policy decisions by US states under formulary apportionment affect US state government corporate income tax revenues as well as economic activities across US states. Dependent variables are defined and summarised in Table  1 . They fall into four categories: measures of employment, investment, sales, and government revenues.
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Results imply that states with a property burden (the multiple of their tax rate and the formula weight on property) one percentage point higher are associated with 0.09 per cent lower new capital expenditure. There is some evidence that there is greater tax rate sensitivity in states that employ throwback rules or unitary taxation, but in general these effects are quite modest. The basic specifications relate the dependent variables to the explanatory variables as in the following equations, where P is a vector of tax policy choices, E and S are vectors of control variables capturing the macroeconomic conditions of states and the structure of the state economy, and where i indicates states and t indicates years.
For this investigation, state-level policy choices are of most interest. It is hypothesised that the policy choices will typically affect revenues and economic activity in opposite directions; policies that increase tax burdens typically raise revenue but also discourage economic activity. For example, higher tax rates increase revenue as long as Laffer curve effects do not predominate, which is unlikely at the low levels of taxation of US states. 7 But higher tax rates also raise the tax burden on any factors that are in the formula, presumably discouraging such activities in US states.
For example, following Goolsbee and Maydew (2000) , the firm's marginal tax rate is the sum of the state tax rates over the states in which it operates. If all firms are taxed according to an equal-weighted formula, as in Equation 1, and states are indexed by i, this becomes:
If the firm moves workers from high-tax to low-tax states, it will reduce its marginal tax rate.
Assuming that the total payroll is unchanged, moving payroll towards a particular low tax state (j) changes the firm's marginal tax rate as follows:
As long as the tax rate in the state with increased jobs is lower than the weighted average of other states' tax rates, the firm's marginal tax rate on US income declines.
US states have often increased the sales factor weights in recent decades. Indeed, the weight on the sales factor directly lessens the burden on other factors, and so one would expect taxsensitive firms to be more likely to locate productive factors (assets and employment) in high sales factor states. However, a higher sales weight will reduce corporate revenues for states where their asset and employment activity shares are higher than their sales shares. Indeed, dominant productive firms in local economies often lobby for increases in the sales factor in the formula.
In theory, if states consume roughly in line with their production, and if all states moved to a sales-only formula, both the overall tax burden for firms and state revenues would be unchanged. But since firms often lack nexus in a particular state, not all sales generate associated corporate tax revenues under the present system. Further, since states vary in their formula choices, firms may be able to lower their overall tax burden by taking advantage of these differences and altering the location of their activities accordingly.
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Revenues will fall with increases in the tax rate if the elasticity of the tax base with respect to the tax rate is sufficiently large. Clausing (2007 Clausing ( , 2008 finds that the revenue-maximising corporate tax rate is likely to be higher than the rates found in typical OECD countries.
14 Discretionary features of the corporate tax policy environment may also lighten tax burdens on corporations as well as lower revenues. When firms are allowed to choose between different formulas, or to choose whether to utilise combined reporting, they are likely to make informed choices that lessen their tax burden.
Some states attempt to counter these revenue-reducing tax competition pressures. For example, some states employ throwback rules. States that use throwback rules require firms to pay tax on income that is untaxed in another state. Also, some US states require combined reporting; this can help ensure that large multijurisdictional firms do not avoid taxation by splitting themselves into separate corporations and manipulating transactions within the overall corporate group. In the present analysis, dummy variables are used to capture such features of the state corporate tax code.
Control variables will allow for the effects of the health of the state economy, structural features of the state economy, and time-specific and state-specific effects. All variables are described and summarised in Table 1 ; the data sources are described in detail in Appendix 1.
Results

Employment activity
Results from the employment specifications are in Table 2 . Specifications (1) to (3) employ state fixed effects; column (1) is the most basic model, and columns (2) and (3) add more explanatory variables. Columns (4) to (6) repeat these specifications, adding year fixed effects in addition to state fixed effects. In all cases apart from the first specification, the payroll burden variable, which is the simple multiple of the payroll weight and the tax rate, is either statistically insignificant or unexpectedly positive. In the first (and most bare-bones) specification, however, it is both negative and statistically significant.
Throwback rules and combined reporting requirements are negatively associated with employment in some specifications, though their empirical magnitudes are zero or very small in the full specifications. The variable that indicates corporate licence fees relative to GDP is also negatively associated with employment, though given the extremely low mean of this variable, its empirical magnitude is also very small. 8 Most control variable results are as expected. Economic conditions are associated with employment in the hypothesised direction. When national unemployment rates are high, that is associated with lower employment in states; this variable is dropped from the time-effects specifications due to lack of state-level variation. State-level gross domestic product is positively associated with employment.
Several variables are used to capture structural features of the economy. In equations (2) and (5), higher gross state product (GSP) per capita states also have higher employment. In equations (3) and (6), the estimated coefficient on this variable changes sign, but several other control variables are introduced, including the share of the population with a college degree (positively associated with employment in equation 6), the ratio of workers that are in manufacturing (positively associated with employment levels), and the share of young (18 and under) and old (65 and over) in the population, both of which are negatively associated with employment.
Appendix 2 shows the same specifications without fixed effects. These results are not included in the text throughout the paper, since statistical tests overwhelming indicate that fixed state effects are required. Further, the exclusion of state fixed effects risks biasing the coefficients due to spurious correlations between tax policy variables and other features of a state. The inclusion of fixed effects has an important effect on the results, as Appendix 2 indicates. 9 Table 3 considers how tax policy variables affect investment across US states, using data on capital expenditure from the Annual Survey of Manufacturers. Again, fixed state effects are necessary, and columns (1) to (3) show fixed state effects, while columns (4) to (6) include both state and year fixed effects.
Investment activity
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For comparison, Table A1 shows regular pooled regressions (specifications 1-3) and regressions with region fixed effects (specifications 4-6), following the region designations of Crone (2005) . These specifications show a large and negative statistically significant effect of the payroll tax burden, although the effect gets smaller when the full set of controls are included. In specification (6), a standard deviation increase in the payroll tax burden (equal to 50% of the mean burden) would reduce employment by 0.6%. The control variables are broadly consistent with results in the main specifications, though throwback rules and combined reporting requirements are sometimes positively associated with employment. The mid-Atlantic states are the omitted region; other regions typically have higher employment in the full specification, reported in column 6. The main tax policy variable of interest is the measure of tax burden on assets, the multiple of the corporate tax rate and the weight on assets in the formula allocation. In the first specification, without additional controls, there is a statistically significantly negative relation between this tax burden and capital expenditure; however, all other empirical models shown in columns (2) to (6) show unexpectedly positive relationships between asset tax burdens and capital expenditure, even after a full set of control variables is included. Other tax policy measures (the throwback rule, required combined reporting, the personal income tax, and corporate licence fees) are typically statistically insignificant, with the exception of one positive effect of throwback rules in column (3) and one negative effect of personal income taxes in column (6).
Economic control variables have the expected associations with capital expenditure, with statewide unemployment associated with lower capital expenditure and increased GSP associated with increased capital expenditure. Structural control variables indicate a positive relationship between GSP per capita and investment, and between the manufacturing ratio in the economy 18 and investment. There is a negative relationship between the share of the population with a college degree and investment, and demographic variables have mixed effects. Again, Appendix Table A2 reports ordinary pooled regressions as well as pooled regressions with region-specific effects. 10 Table 4 reports regressions on sales across US states, following similar specification choices as above. Columns 1-3 report state fixed effects, and columns 4-6 report specifications with both state and year fixed effects. An additional policy variable is considered here, the interaction between the sales burden and the throwback rule dummy variable. This is intended to capture the fact that sales burdens will be more burdensome if states are also taxing income that is earned in another state. According to the Uniform Division of Income for Tax Purposes Act (UDITPA), sales may be 'thrown back' to the state from which the sales are shipped if the seller is not taxable in the destination state or if the buyer is the US government.
Sales activity
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As is the case throughout the paper, pooled results are not included in the text, since statistical tests overwhelming indicate that fixed state effects are required. In Table A2 , the full model of columns (3) and (6) show no statistically significant relationship between asset tax burdens and capital expenditure, but the simpler empirical models of columns (1), (2), (4), and (5) do show the expected negative relationship between asset tax burdens and capital investment. In most specifications, the sales burden variable is statistically insignificant, and the only exception is an anomalous positive sign in equation (1). Throwback rules have a negative effect on sales in equation (5) but are otherwise statistically insignificant. The throwback/sales burden interaction term always has a negative sign, but it is never statistically significant.
Control variables are typically as expected. Lower unemployment or higher GSP increase sales, and states with higher per capita GSP and manufacturing ratios tend to have higher sales. Corporate licence fees have a negative association with sales; in equation (6), an increase in licence fees of 25 per cent of the mean value for this variable reduces sales by 1.1 per cent.
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Although fixed state effects are clearly indicated, Appendix Table A3 shows the results for pooled and region effects specifications for reference. 11
Discussion of activity results
The above results indicate very few negative tax burden effects on employment, investment, or sales. What is one to make of this finding? First, it may simply be the case that at low tax rates, economic activity is not that responsive to the tax burdens associated with formulary apportionment. Employment and investment decisions may be determined by more important considerations, and sales are determined by where customers are. While it is likely to be the case that real economic activity is more responsive to tax burdens at higher tax rates, it is also the case that employment and investment mobility is probably far easier (i.e., more footloose) within countries than between countries. The former consideration implies that tax responses would be larger in the international context, whereas the latter consideration implies smaller tax responses.
Second, it should be noted that this work contrasts with some, but not all, prior work on US states. Goolsbee and Maydew (2000) find that employment is responsive to tax burden differences across states; Gupta and Hofmann (2003) find small capital expenditure responses in some specifications; and Klassen and Shackelford (1998) find that sales are sensitive to tax burdens in throwback states. However, as noted earlier, these studies all employ data that ends by the mid-1990s. Also, some specifications do not include adequate controls, such as statespecific effects.
Therefore, I also analysed subsamples of the data focusing on the early and later time periods. There are reasons to expect that tax responsiveness could change over time. For example, one hypothesis is that first-mover states (that increased the sales factor weights during a period when other states were largely using the traditional formula) would have gained a larger competitive advantage vis à vis other states in comparison to late-mover states (that changed their formulas in a context where many other states had already adopted formulas with disproportionately heavy sales weights).
There are some important changes in the results when the sample is limited to early years (ending in 1995). For the analysis of employment, there are more negative and/or statistically significant effects of payroll tax burdens. For the capital expenditure analysis regressions, the asset tax burden loses its (perversely) positive effect on investment, and it instead becomes statistically indistinguishable from zero. For the sales regressions, there are some negative tax effects for throwback states. These results offer some limited support for the first-mover hypothesis above, where states that alter formulas first are more likely to gain at the expense of other states before tax competition becomes pervasive.
Government corporate tax revenue
This time period has experienced a large increase in the importance of corporate profits. Figure  2 shows corporate profits as a share of GDP for the US as a whole (left axis), as well as US state and local corporate tax revenues relative to GDP (right axis). Over the past quarter century, corporate profits have increased from 7 per cent of GDP to over 12 per cent of GDP; 11 Here, tax effects are typically minimal. There is no negative effect associated with corporate licence fees or sales corporate tax burdens. In one case (column 2), throwback rules have a negative effect, and in one case (column 3) the interaction between the sales burden and the throwback rule has a negative effect. 21 though they fluctuate with the cyclical position of the economy, there is a clear upward trend. State and local corporate tax revenues also fluctuate with the state of the economy, but there is a small downward trend over this time period. Higher sales weights lower revenues in equations (1), (4), (5), and (6) with 95 per cent confidence, in equation (2) with 89 per cent confidence, and always have a negative sign. Taking the average sales weight coefficient from this table, this implies that moving from an equal-weighted formula to one that double-weights sales will be associated with a share of corporate tax revenue in GSP that is about 2.5 per cent lower. 13 States with throwback rules have higher revenues, and other tax policy variables often have statistically insignificant coefficients.
Control variables are as expected. Higher state unemployment is associated with lower corporate tax revenues; higher corporate profits, measured by operating surplus, are associated with higher revenues. As the share of business returns that are pass-through entities increases, corporate tax revenues decrease. As above, Appendix Table A4 reports results from pooled and region-effect specifications. The average sales weight coefficient in this table is -0.0498, including the two statistically insignificant results as 0. A sales weight 17 percentage points higher decreases the ratio of tax revenue to GSP by about .17 * -0.0498, or -.0084. The mean corporate tax revenue to GSP ratio is .34. So the revenue to GSP ratio decreases by 2.5%.
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In these results, tax rates continue to be positively associated with revenues, and sales weights continue to be negatively associated with revenues, with a more sizeable negative impact. Both throwback rules and required combined reporting are associated with higher revenues. 
Extensions
Several extensions and robustness checks were considered. Results are summarised briefly here but all tables are available from the author upon request. First, as noted above, subsamples of the data set focusing on the early and later time periods were analysed. Indeed, there are some important changes in the results when the sample is limited to early years (ending in 1995). As noted above, activity, and especially employment, appears to be more negatively related to tax burdens in the early time period. In addition, in the revenue regressions, in both pooled and fixed effects specifications, the sales weight term no longer has a negative effect on tax revenues when the sample is restricted to early years. One plausible explanation for this set of findings is that, as tax competition became more pervasive, it resulted in far lower 'bang for the buck' for states raising their formula sales weights in an attempt to encourage job creation and investment in their home state. Positive effects on jobs and investments disappeared, and, instead, states simply lost corporate tax revenue.
Second, all of the above analyses were done on specifications that deliberately excluded Alaska, Hawaii and the District of Columbia, as is the tradition in much state-level empirical research. Still, all results were checked without this exclusion, and this exclusion does not affect any of the main policy conclusions.
Third, I included alternate measures of the dependent variables, when possible. For employment, there are other BEA series that show non-farm, private payroll and manufacturing employment. There are also measures from surveys of foreign multinational firms with US affiliates that show employment and manufacturing employment. Finally, a measure of labour force participation can be constructed by taking the ratio of the labour force to the working age population. In most cases the tax policy results were broadly similar. The one exception was labour force participation, which showed a persistent negative relationship to payroll burdens in fixed effects specifications.
For capital expenditure, one may also consider a series on property, plant and equipment investments by foreign multinational firms; like capital expenditure, these were not negatively related to asset burdens in the fixed effects specifications. For sales, the Census reports a retail sales figure every five years. While this entails fewer observations than the Annual Survey of Manufacturers' sales data, the tax policy variable results were similar.
Policy endogeneity concerns
Studies on the consequences of tax policy are often plagued by concerns of endogenous relationships between policy parameters and dependent variables. For example, if state policymakers choose sales weights and tax rates with the hope of improving disappointing economic conditions, we may find a negative relationship between employment and lower sales weights due to that policy impetus, even if the lower sales weight eventually boosts employment. Or, perhaps some policy environments are inherently more business-friendly, and in these environments states adopt lower tax rates and payroll/asset weights in their formulas but also undertake myriad other policy changes that also affect underlying economic fundamentals. In both cases, we would be concerned of biased results, although the nature of the bias is in the opposite direction in these two examples.
In several respects, the above analyses are responsive to these concerns. For example, variables are typically included that reflect the underlying economic conditions of the state (GSP, unemployment, etc.) . Also, the key tables in the text all include state-specific fixed effects, which 24 should address some of the business climate concerns. Many specifications also include year effects that should capture macroeconomic shocks as well as other time-specific phenomena.
However, it is also useful to examine possible determinants of policy changes. Therefore, I examined two probit analyses, considering the determinants of state decisions to increase the sales weight in their apportionment formulas (Appendix Table A5 ), or to lower corporate tax rates (Appendix Table A6 ). Over the entire sample, in 8 per cent of observations states increase the sales weight in their apportionment formulas, and in 3 per cent of observations states lower their corporate tax rate by at least nine-tenths of one percentage point. (Occasionally, states undertake very mild or gradual rate reductions, and I exclude these instances from the analysis.)
Tables A5 and A6 both show specifications that include more independent variables as you move rightwards across the table. The baseline specification (column 1) models the policy change as depending on the mean policy of other states, the state unemployment rate, Republican control over both legislative and executive branches of state government, Democratic control over both branches (with the omitted category being split control), and whether it is an election year. Column 2 also includes other tax policies and state GSP per capita; column 3 includes the debt/GSP and federal aid/GSP ratios for states as well as the share of the population that is young (18 and under) or old (65 and older); and column 4 includes lags of prior values for other states' policies, tax rates, GSP, unemployment, and political outcomes.
The remarkable feature of the probit regressions is how few statistically significant determinants of policy changes are apparent in the results. Across four sales weight specifications, the only variable that is associated with higher sales weights is the mean weight in other states (in two columns) and the lag of the mean rate of the sales weight in other states (in column four). Across four tax rate change specifications, there is only one statistically significant coefficient, the mean tax rate in other states (in equation 4 only). These results provide substantial evidence that tax policy changes are not explained well by seemingly plausible observable variables, thus reducing possible policy endogeneity concerns.
Conclusions and policy implications
US states have a long experience with the formulary apportionment of corporate income. In comparison to separate accounting, formulary apportionment substantially reduces concerns regarding the shifting of income from high-tax to low-tax states. Corporate tax liabilities are based on national income and the factors in the formula, factors that reflect underlying economic activity. Indeed, Mintz and Smart (2004) provide evidence of reduced income shifting under formulary apportionment.
Under separate accounting, firms have more flexibility in how they account for where income is earned, and a long body of empirical research demonstrates that corporations are eager to reduce their tax liabilities by utilising such flexibility. Indeed, due to tax-motivated transfer pricing and income shifting, the booking of global income is quite sensitive to tax rate differences across countries. 15 Still, this does not mean that tax competition disappears under formulary apportionment. Indeed, it has long been recognised that firms face tax incentives to distort the location of formula factors in order to reduce their tax burdens. In US states, policymakers have responded to business lobbying by systematically lowering the weight on assets and payroll in their apportionment formulas, and raising the sales weight, in an attempt to lure tax-sensitive jobs and investments to their states. In 1986, the beginning of this study, 80 per cent of states used an equal-weighted formula; by 2012 only 17 per cent of states that taxed corporate income had an equal-weighted formula, choosing instead formulas with higher weights on sales.
There is evidence, particularly in Goolsbee and Maydew (2000) , that state policymakers were initially successful in attracting jobs from other states with such strategies, although evidence indicates that these policies were 'beggar thy neighbour', since states that gained employment did so at the expense of other states. However, in the time period of this study, 1986 to 2012, there is scant evidence that state employment, investment, or sales are sensitive to corporate tax policy parameters, once an adequate set of control variables are included in the analysis. These findings suggest some cautious optimism for advocates of international formulary apportionment. Formulary apportionment has the potential to reduce income-shifting incentives without generating accompanying large tax responses in economic activity such as employment and investment.
It is important to note that tax rates in US states are typically lower than those found at the national level, so tax responsiveness of real activity may be higher internationally, in the presence of higher tax rates. On the other hand, tax competition is also likely to be fiercer within countries than between countries, due to the greater mobility of capital and labour, easier corporate relocation, and more intense product price competition due to seamless goods mobility, more perfect information, and the absence of exchange rate fluctuations.
The absence of economic activity responses to tax burdens under formulary apportionment in this analysis of US states may also be related to the extended time period of this study. While early states that changed formulas may have gained employment at the expense of other states, as more states changed their formulas, the relative competitive advantage diminished. This suggests that the dynamics of tax competition under formulary apportionment are likely to change over time. If countries have the flexibility to adopt distinct formulas, there may be a temptation to pursue beggar-my-neighbour policy choices in an attempt to lure economic activity from other jurisdictions, but if these strategies are adopted by many jurisdictions they may prove ineffective over time.
The analysis also provides evidence that tax competition pressures are harmful to government revenues, as findings indicate that tax revenues are sensitive to tax policy choices regarding tax rates, sales weights, and throwback rules. This particular finding suggests that international coordination to choose harmonised formulas -and to harmonise other aspects of tax base definition -is particularly desirable. Not only would this reduce the potential for double taxation (and double non-taxation), it would also reduce beggar-my-neighbour policy choices that are ultimately likely to generate tax base erosion.
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Appendix 1 Data sources
In general, data was collected for the fifty states as well as the District of Columbia over the period 1986-2012, although in most reported regression analyses some states were excluded, as described in the text.
Data on US state corporate tax policies, including both tax rates and various rules, comes from several sources. These include The Book of the States by the Council of State Governments (1986 to 2001 ), Significant Features of Fiscal Federalism (1986 to 1994 by the Advisory Commission on Intergovernmental Relations, and the Commerce Clearing House publications The Multistate Corporate Tax Almanac (1986 Almanac ( -1989 , the Multistate Corporate Tax Guide (1995 Guide ( -2000 , the State Tax Handbook (2001 Handbook ( -2008 (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) .
and the US Master Multistate Corporate Tax Guide
Data on the share of corporate returns that are pass-through organisations is from a special tabulation from the IRS, based on data reported in Publication 6149. This variable is defined as the number of returns filed by partnerships and S corporations relative to the total number of corporate tax returns. 16 Data on employment is from the US Bureau of Economic Analysis [BEA] . For manufacturing employment, data for 1986 to 1990 is based on SIC industry codes, and data for 1990-2012 is based on NAICS codes. For manufacturing, the 1990 ratio of SIC to NAICS manufacturing data is used to adjust the late 1980s data to NAICS equivalents.
The BEA also provides data on total income, earnings, wages, corporate gross operating surplus, and GSP. The GSP series are also affected by the change from SIC to NAICS codes, so the late 1980s data is similarly adjusted.
The BEA provides data on foreign direct investment into US states, including the gross property, plant and equipment of affiliates, the number of affiliates, the employment of affiliates, and the manufacturing employment of affiliates. For the period 1986-2006, data is for all non-bank affiliates. Data for 2007 to 2010 is not strictly comparable since they also include banks, but this data is adjusted to be comparable by using data on ratios of comparable series.
Data from the Annual Survey of Manufacturers is collected from several sources of the US Census Bureau including CDs (1987-91) , publications on the Annual Survey of Manufacturers (1992 Manufacturers ( -96), web pages (2002 , and an Excel spreadsheet emailed from a Census Bureau employee (1997) (1998) (1999) (2000) (2001) . This data includes information on manufacturing employment, payroll, materials costs, shipments, value added, and capital expenditure.
The US Census Bureau was the source of data on corporate tax revenues, corporate licence fees, state populations, and the share of the population with a bachelor's degree or higher. For the bachelor's degree share data, data has been input for the years 1986-89 based on an 16 S corporations are corporations that pass corporate income, losses, deductions, and credits through to their shareholders for federal tax purposes. Missing data was interpolated in cases where the tax rate in prior and subsequent years was the same. For states where tax due is a fraction of the federal liability, the tax rate was imputed based on the federal top rate in the same year.
Data on state election years, the age distribution of the state population, federal aid to the states, and state debt levels was generously shared from a dataset of Jon Rork. The original sources of this data were the US Statistical Abstract (for election years), the US Census (for age distribution and federal aid), and State Government Finances (for debt).
Further information about the details of data acquisition and more detailed variable definitions are available from the author upon request. 
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Appendix 2 Results for pooled (OLS) and region effects specifications
